Two years of continuous GPS data from several sites in South America indicate that Arequipa in the southern Peruvian Andes has a velocity of 13+3 mm/yr (two standard errors) to the northeast with respect to stable South America. We interpret these data as reflecting a combination of elastic strain accumulation associated with a locked Nazca-South America subduction zone and a small amount of crustal shortening across the fold and thrust belt on the eastern margin of the Andes. Models of elastic strain accumulation for fully locked and partly locked subduction zones constrain shortening in the eastern Andes to 0-3 mm/yr (fully locked) and 0-12 mm/yr (partly locked), slower than some geologic estimates averaged over millions of years.
Introduction
The central part of the Nazca-South America plate boundary zone includes the Altiplano, a high plateau with a thick (>55 km) crustal root [James, 1972; Fukao et al., 1989 ] and the active Sub-Andean fold and thrust belt to the east, 600 km or more from the trench. Post-Oligocene (<26 Ma) crustal shortening is probably the dominant process for thickening central Andes crust [Isacks, 1988; Sempere et al., 1990] . Finite element models suggest that crustal shortening could have generated the entire topography of the Altiplano in less than 30 Ma [Wdowinski and Bock, 1994] . The locus of shortening has migrated east with time, from the Altiplano in the Miocene to its present position in the Sub-Andean zone [e.g., Suarez et al., 1983; Isacks, 1988] . Balanced cross sections across the central Bolivian fold and thrust belt suggest 210 km minimum shortening [Sheffels, 1990] , all post-Copyright 1997 by the American Geophysical Union.
Paper number 97GL00770. 0094-8534/97/97 GL-00770505.00 Oligocene. Schmitz [1994] estimated 320 km post-Cretaceous shortening for the entire south central Andes (trench to foreland). Assuming all shortening happened in the last 25 million years, these estimates translate to average shortening rates of 8.4-12.8 mm/yr. Cross sections in northern Bolivia suggest 135 km shortening in the last 5 Ma [Roeder, 1988] , i.e., 27 mm/yr average rate. Suarez et al. [1983] used rates of seismic energy release to suggest present-day shortening across the eastern Andes and sub-Andean belt at 1-2 mm/yr. If the seismic rate is indicative of longer term rates, it implies a dramatic slowdown of crustal shortening in the geologically recent past. Alternately, if faster geological rates are indicative of present-day rates, significant deformation must be occurring aseismically, or the seismic estimate is biased by its short time interval, i.e. an "earthquake deficit" is accumulating. Another noteworthy feature of the central Andes is the lack of r•ent large or great underthrusting earthquakes along the shallow subduction zone plate interface. The last great (M>8.0) earthquake was in 1877 while a large (Ms=7.8) earthquake occurred near Arequipa in 1913. In contrast, a series of large and great earthquakes have ruptured virtually the entire length of the southern Andes subduction zone over the last 50 years [e.g., Nishenko, 1991] . Characterizing the rate and locus of elastic strain accumulation in the region may shed light on some of the physical parameters (locking depth, plate coupling) affecting strain accumulation and release during the interplate seismic cycle. This paper discusses new space geodetic data for the 
